Underwater missiles are launched from canister by hot gasses produced by a gas generator. Hot gasses eject the missile out of canister, positioned on an underwater platform in high seas at a depth of 50 m to 70 m. During development phase of submarine launched missile, maximum number of physical parameters related to platform and launching mechanism are acquired on a data acquisition system on-board platform and selected critical parameters are transmitted to control station in real time through an optical data communication link. Missile parameters are recorded on-board and transmitted to the control station by delayed transmission technique once the missile is out of water. Exit velocity of missile is very important parameter for the missile trajectory and range, which depends upon the heat loss in canister and annular gap pressure between missile and canister during the ejection process. Prediction of exit velocity is validated by heat loss calculation by measured temperature at different stations during the test. Temperature measurement is carried out by sensors mounted on the inner wall of canister and also by jumping type of temperature sensor, which measures canister gas temperature. In spite of all efforts, few sensors do not work as expected. It is important to measure various parameters according to instrumentation measurement plan. In case of temperature measurement, sometimes, it is required to predict temperature at location, where sensor was originally not mounted. To validate the recorded test data, another set of data is needed for which one has to wait till next test is conducted that may take years and practically impossible to ensure identical test setup and environmental condition. A mathematical approach to predict temperature at required location and to validate the recorded test data is presented.
INTRODUCTION
Submarine launched missiles are launched from underwater platform 1 especially designed for this purpose during development phase. Development of missile is a very complex task, expertise is needed almost in every field of engineering to design various subsystems of missile and launching mechanism. Fully instrumented extensive testing is carried out to evaluate the performance of various subsystems. Based on analysis of data, necessary design modification is carried out and subsystems are qualified for actual use. Missile is positioned inside canister and it is mounted on a launcher fixed inside a container. The gas generator is fitted at the bottom of the canister. Hot gases generated by gas generator eject missile out of canister. The missile is protected from hot gases by obturator which is part of missile. Once the missile is out of canister, underwater booster is ignited that brings missile out of water and obturator is detached. When missile is launched from underwater platform, the missile data is acquired onboard, and transmitted by RF signal by delayed transmission technique. The parameters related to platform, launcher and canister are recorded on-board platform in real time on a data acquisition system. The parameters recorded are gas generator chamber pressure, underwater pressure, strain and vibration. The canister is either made of metal, composite or both. The canister used for present application was made of composite with metallic bottom. The recorded temperature data is required to be validated for its correctness. In this paper, mathematical models based on different interpolation techniques are used to predict the unmeasured temperature at a particular location and for validation of recorded data.
LITERATURE SURVEY AND STUDY
Literature survey was carried out to find various validation methods adopted to validate recorded temperature on the inner wall of canister during launch of underwater missile or similar type of work carried out in this area. Most of the literature available related to missile launch is based on numerical simulation. Selection of underwater missile launch method has been reported by numerical simulation in order to improve the probability of survival of submarine due to high launch back pressure 2 and exhaust. Another work for calculation of guide cone wall temperature of concentric canister launcher considering gas radiation 3 has been reported for vertical launch from a ship. Work on interior trajectory simulation of the gas steam missile ejection 4 for underwater missile has been also reported. No literature is available through open source about validation of recorded temperature data on inner wall of canister due to radiation during missile launch. Lot of work has been reported in the field of climatology, where based on local information and interpolation, prediction has been made related to weather, temperature. Interpolation methods where all data points for a given problem are used during study, result-quality will be influenced by using spatially heterogeneous data. Temperature interpolation based on local information 5 has been carried out by modelling local spatial variation in temperature by taking neighbourhood data points for each grid. Similar type of air temperature measurement requirement in Phoenix spatial interpolation method 6 has been used. To estimate Holidays effects on electricity demand 7 in missing records in time series, different interpolation method has been used. There is no single preferred method for data interpolation for a given problem. Algorithm should be based on actual data, accuracy requirement, time and availability of resources and computational time. One review has been carried out on existing interpolation methods, their performance criteria and uncertainty assessment. As per review, there are numerous criteria for assessing the quality of interpolation exists. In the literature, many redundancies, discrepancies, or subtleties have been found. Different names have been given for same method and different equations has been used for same criteria 8 . To address the present problem, study has been carried out to identify suitable interpolation technique. Data set collected is small due to less duration of test and sampling rate of 1000 samples/s. Local polynomials can be constructed and connected together in lieu of a single polynomial going through all data points. Piecewise Linear Polynomial is local region based polynomial and can be used in mathematical model for given problem. When gas generator is ignited, there is sudden increase in temperature resulting in large variation in recorded data. One statistical module is required to calculate average temperature and Gaussian distribution was found suitable for the data set. Validation of the mathematical model is another important task, as mentioned earlier only one recorded data set is available, it was felt to make another mathematical model based on different interpolation technique and use the same data on both the mathematical models.
SYSTEM DESCRIPTION
Underwater platform is positioned in high seas and is connected to control station i.e. a ship, positioned 500 m to 3500 m away from the platform as per testing requirement. The connectivity between underwater platform and control station is by a re-deployable underwater data communication link 9 . All operations are carried out remotely by test controller from the control station. The temperature sensors are mounted at required cross section on the inner wall of canister at different stations and are interfaced to data acquisition system through signal conditioner. The location of temperature sensors mounted on canister is as shown in Fig. 1 . Gas temperature inside the canister is measured by jumping type of sensor, which is spring loaded and gets positioned at centre of canister while missile is being pushed out by hot gases. The signal conditioner and data acquisition system is powered by a power management system 10 especially designed for equipment on-board platform. Recorded data is uploaded to control station using high speed data communication link immediately after the test. 
MATHEMATICAL MODEL AND IMPLEMENTATION
During underwater missile testing, temperature recorded at diametrically opposite cross sections at different locations on inner wall of canister is required to be validated and also to predict temperature at a particular location. This problem can be solved by suitable and appropriate interpolation technique 11 . Care should be taken while selecting suitable interpolation technique that can predict correct data with small data set and consumes minimum computational time.
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n n x y x y x y  It is not least square approximation, where drawing a smooth curve that approximates a set of data points with experimental error. Piecewise linear interpolation and Newton interpolation method is considered for the present problem.
Statistical Module
It is not possible to get homogeneous temperature at every instance during measurement, a statistical module has been implemented to find average maximum temperature. 
The last equation will be Using these equations, the temperature of any unknown distance can be calculated. For example, let at point
Similarly, for any others points which belongs to any intervals, the temperature at a specific distance can be calculated.
Newton Polynomial
The Newton polynomial is an interpolation method in which lower triangular system of linear equation is solved by forward substitution. The interpolating polynomial can be represented as follows: The above expression is a polynomial of degree n . The ( 1) n + unknown co-efficient denoted by i C can be found by substituting the points (,) i i xy for 0,1, , 
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MT is the mean temperature of the homogeneous region at a certain distance d . Let, 1 2 , , ,
are the mean temperatures of the homogeneous region at distances 1 2 , , ,
respectively. So considering the points as follows: 
Piecewise Linear Interpolation
Piecewise Linear polynomial is a local region based polynomial using the points 
Similarly the equation of this line passing through 2 2 (,) xy and 3 3 (,) xyis
TEST RESULTS AND DATA VALIDATION
The temperature data acquired during the test is presented. The data pertaining to odd numbered and even numbered sensors is as given in Tables  1 and 2 , respectively. For calculating average temperature, the recorded data between 0.5 s and 2.5 s is considered. The average temperature computed by statistical module is as shown in Fig. 3 . To validate the test data, two mathematical model have been used which validate each other along with recorded data. Result by mathematical model based on Piecewise linear and Newton interpolation technique are as shown in Figs. 4 and 5 , respectively. The comparison of average temperature computed by both the models is as shown in Fig. 6 . It is observed that there is difference in recorded temperature between odd numbered and even numbered sensors. The difference is due to flow of hot gases filling the canister while missile is being pushed out of canister. Sensor at location T41 and T42 shows very high temperature as these sensors are mounted closer to gas generator. It is clearly seen from the data as hot gases are moving upwards and losing heat due to radiation, canister temperature is decreasing. As there is difference in measured value by sensors mounted diametrically opposite, interpolation result is plotted separately. It is seen in the Fig. 6 that over plots of result by Piecewise linear and Newton interpolation is exactly matching for both odd numbered sensor and even numbered sensor data. The only location where it does not match is T39 and T40.
Since, interpolation is possible only between two point and interpolated data is dependent on the values of T41 and T42, the location of sensor which is nearer to gas generator, temperature will be very high and considering this point in interpolation may introduce some error. Figs. 7 and 8 are plotted without considering the values of T41 and T42. A close match is seen in the data predicted by both the mathematical models using different interpolation method for recorded test data set. and where temperature sensor was not mounted as per measurement plan (ii). Sensors mounted at diametrically opposite location ideally should be equal. It is observed that temperature is equal at location (T9, T10) and (T41, T42) only, at other locations, it is not equal due to the flow of hot gases and gases not being in equilibrium (iii). based on the result and analysis, it is suggested that designer should measure temperature data at a station diametrically opposite at four locations and at many stations (iv). In absence of another set of test data, it is possible to validate one model by another model using available data set. One mathematical model based on piecewise linear interpolation technique was made and recorded temperature data was validated. Piecewise linear interpolation model was validated by another model based on Newton interpolation technique. It is observed that there is a close match in data obtained by both the models. 
CONCLUSIONS (i)
.
